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TITLE OF THE INVENTION 

Semiconductor Device Manufacturing Method and Semiconductor Device 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a merged memory-logic semiconductor device 
having a memory device and a logic device formed on a semiconductor substrate, and to a 
method for manufacturing the semiconductor device. 

10 Description of the Background Art 

The recent miniaturization of merged memory-logic semiconductor devices is 
leading to reduction of memory cell areas. Accordingly, in order to ensure certain 
capacitor capacitance even with reduced memory cell areas, MIM (Metal-Insulator-Metal) 
capacitors are now often adopted as memory cell capacitors. 

15 When MIM capacitors are adopted as memory cell capacitors, the process of 

forming the dielectric film may oxidize contact plugs connected to the lower electrodes 
and neighboring contact plugs to increase the contact resistance. In order to solve this 
problem, Japanese Patent Application Laid-Open No. 2001-267516 discloses a technique 
for preventing the increase in contact resistance by providing an oxidation-preventing 

20 barrier layer on top ends of contact plugs. Also, Japanese Patent Application Laid-Open 
Nos. 2001-284541 and 10-150161 (1998) disclose techniques about semiconductor 
devices with capacitors. 

However, with merged memory-logic semiconductor devices, it is difficult to 
achieve both of a reduction in contact resistance in the memory device and a reduction in 

25 contact resistance in the logic device. 
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SUMMARY OF THE INVENTION 

An object of the invention is to provide a technique which makes it possible to 
achieve both of a reduction in contact resistance in a memory device and a reduction in 
5 contact resistance in a logic device even when oxidation is performed during formation of 
dielectric films of MIM capacitors. 

A semiconductor device manufacturing method of the invention includes steps 
(a) to (d). The step (a) is to form a first insulating film on a semiconductor substrate 
having a memory region where a memory device is to be formed and a logic region where 

10 a logic device is to be formed. The step (b) is to form, in the first insulating film, a first 
contact plug electrically connected to the semiconductor substrate in the memory region 
and having its top surface exposed from the first insulating film, and a second contact 
plug electrically connected to the semiconductor substrate in the logic region and having 
its top surface exposed from the first insulating film. The first contact plug formed in 

15 the step (b) has a first conductive film and a first conductive barrier layer formed on a top 
end of the first contact plug. The step (c) is to form an MIM capacitor in contact with 
the first conductive barrier layer and forms a second insulating film, covering the MIM 
capacitor, on a top surface of the structure obtained by the step (b). After the step (c), 
the step (d) is to form, in the second insulating film, a third contact plug in contact with 

20 the second contact plug. The MIM capacitor formed in the step (c) has a lower electrode 
in contact with the first conductive barrier layer, an upper electrode, and a dielectric film 
interposed therebetween. 

The first contact plug connected to the MIM capacitor has the first conductive 
barrier layer in its top end, so that the first conductive film of the first contact plug is not 

25 oxidized during formation of the dielectric film of the MIM capacitor. This lowers the 
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contact resistance between the MIM capacitor and the semiconductor substrate in the 
memory region. Furthermore, adopting the stacked structure in the logic region reduces 
inferior contacts due to increased aspect ratios of contact plugs. It is thus possible to 
achieve both of a reduction in contact resistance in the memory device and a reduction in 
5 contact resistance in the logic device even when formation of the dielectric film of the 
MIM capacitor involves oxidation process. 

A first semiconductor device of the invention includes a semiconductor 
substrate, first and second insulating films, first to third contact plugs, and an MIM 
. capacitor. The semiconductor substrate has a memory region where a memory device is 

10 formed and a logic region where a logic device is formed. The first insulating film is 
provided on the semiconductor substrate. The first contact plug is provided in the first 
insulating film with its top surface exposed from the first insulating film, and is 
electrically connected to the semiconductor substrate in the memory region. The second 
contact plug is provided in the first insulating film with its top surface exposed from the 

15 first insulating film, and is electrically connected to the semiconductor substrate in the 
logic region. The MIM capacitor has a lower electrode, an upper electrode, and a 
dielectric film interposed therebetween and the lower electrode is in contact with the top 
surface of the first contact plug. The second insulating film is provided on the first 
insulating film and covers the MIM capacitor. The third contact plug is provided in the 

20 second insulating film and is in contact with the second contact plug. The first contact 
plug has a first conductive barrier layer in its top portion and a first conductive film in the 
remaining portion. The second contact plug has a second conductive barrier layer in its 
top portion and has, in the remaining portion, a second conductive film having a higher 
conductivity than the second conductive barrier layer. The third contact plug extends 

25 into the first insulating film and is in contact with the second conductive barrier layer and 
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a side surface of the second conductive film. 

Even though the second contact plug in the logic region has the second 
conductive barrier layer, the third contact plug in the upper layer is in contact not only 
with the second conductive barrier layer of the lower-layer second contact plug but also 
5 with the second conductive film having a higher conductivity. This lowers the contact 
resistance between the third contact plug and the semiconductor substrate in the logic 
region. Furthermore, the first contact plug in contact with the MIM capacitor has the 
first conductive barrier layer in its top, which prevents oxidation of the first conductive 
film of the first contact plug during formation of the dielectric film of the MIM capacitor. 

10 It is thus possible to achieve both of a reduction in contact resistance in the memory 
device and a reduction in contact resistance in the logic device even when the formation 
of the dielectric film of the MIM capacitor involves oxidation process. 

A second semiconductor device of the invention includes a semiconductor 
substrate, first and second insulating films, first to fifth contact plugs, and an MIM 

15 capacitor. The semiconductor substrate has a memory region where a memory device is 
formed and a logic region where a logic device is formed. The first insulating film is 
provided on the semiconductor substrate. The first and second contact plugs are 
provided in the first insulating film with their respective top surfaces exposed from the 
first insulating film, and are electrically connected to the semiconductor substrate in the 

20 memory region. The third contact plug is provided in the first insulating film with its 
top surface exposed from the first insulating film, and is electrically connected to the 
semiconductor substrate in the logic region. The MIM capacitor has a lower electrode, 
an upper electrode, and a dielectric film interposed therebetween, and the lower electrode 
is in contact with the top surface of the first contact plug. The second insulating film is 

25 provided on the first insulating film and covers the MIM capacitor. The fourth contact 
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plug is provided in the second insulating film and is in contact with the second contact 
plug. The fifth contact plug is provided in the second insulating film and is in contact 
with the third contact plug. The first contact plug has a first conductive barrier layer in 
its top portion and a first conductive film in the remaining portion. The second contact 
5 plug has a second conductive barrier layer in its top portion and has, in the remaining 
portion, a second conductive film having a higher conductivity than the second 
conductive barrier layer. The fourth contact plug extends into the first insulating film 
and is in contact with the second conductive barrier layer and a side surface of the second 
conductive film. 

10 Even though the second contact plug in the memory region has the second 

conductive barrier layer, the fourth contact plug in the upper layer is in contact not only 
with the second conductive barrier layer of the lower-layer second contact plug but also 
with the second conductive film having a higher conductivity. This lowers the contact 
resistance between the fourth contact plug and the semiconductor substrate in the memory 

15 region. Furthermore, the first contact plug in contact with the MIM capacitor has a first 
conductive barrier layer in its top, which prevents oxidation of the first conductive film of 
the first contact plug during formation of the dielectric film of the MIM capacitor. It is 
thus possible to achieve both of a reduction in contact resistance in the memory device 
and a reduction in contact resistance in the logic device even when the formation of the 

20 dielectric film of the MIM capacitor involves oxidation process. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Figs. 1 to 16 are cross-sectional views showing a sequence of process steps for 
manufacturing a semiconductor device according to a first preferred embodiment of the 
invention; 

Figs. 17 to 21 are cross-sectional views showing the structures of 
5 semiconductor devices that can be manufactured according to the first preferred 
embodiment of the invention; 

Figs. 22 to 30 are cross-sectional views showing a sequence of process steps for 
manufacturing a semiconductor device according to a second preferred embodiment of 
the invention; 

10 Figs. 31 to 35 are cross-sectional views showing the structures of 

semiconductor devices that can be manufactured according to the second preferred 
embodiment of the invention; 

Figs. 36 to 42 are cross-sectional views showing a sequence of process steps for 
manufacturing a semiconductor device according to a third preferred embodiment of the 

15 invention; 

Figs. 43 to 47 are cross-sectional views showing the structures of 
semiconductor devices that can be manufactured according to the third preferred 
embodiment of the invention; 

Figs. 48 to 50 are cross-sectional views showing a sequence of process steps for 
20 manufacturing a semiconductor device according to a fourth preferred embodiment of the 
invention; 

Fig. 51 is a cross-sectional view showing the structure of a semiconductor 
device according to a fifth preferred embodiment of the invention; 

Figs. 52 to 55 are cross-sectional views showing a sequence of process steps for 
25 manufacturing the semiconductor device of the fifth preferred embodiment of the 
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invention; 

Fig. 56 is a cross-sectional view showing the structure of a modification of the 
semiconductor device of the fifth preferred embodiment of the invention; 

Figs. 57 and 58 are cross-sectional views showing a sequence of process steps 
5 for manufacturing the modification of the semiconductor device of the fifth preferred 
embodiment of the invention; 

Figs. 59 to 63 are cross-sectional views showing the structures of modifications 
of the semiconductor device of the fifth preferred embodiment of the invention; 

Fig. 64 is a cross-sectional view showing the structure of a semiconductor 
10 device according to a sixth preferred embodiment of the invention; 

Figs. 65 to 67. are cross-sectional views showing a sequence of process steps for 
manufacturing the semiconductor device of the sixth preferred embodiment of the 
invention; 

Fig. 68 is a cross-sectional view showing the structure of a modification of the 
15 semiconductor device of the sixth preferred embodiment of the invention; 

Figs. 69 and 70 are cross-sectional views showing a sequence of process steps 
for manufacturing the modification of the semiconductor device of the sixth preferred 
embodiment of the invention; and 

Figs. 71 to 75 are cross-sectional views showing the structures of modifications 
20 of the semiconductor device of the sixth preferred embodiment of the invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Preferred Embodiment 

Figs. 1 to 16 are cross-sectional views showing a sequence of process steps for 
25 manufacturing a semiconductor device according to a first preferred embodiment of the 



present invention. The semiconductor device of the first preferred embodiment is a 
merged memory-logic semiconductor device; for example, it has, as a memory device, a 
DRAM with CUB (Capacitor Under Bit Line) structured memory cells, and also has 
salicide CMOS transistors as a logic device. The capacitors of the DRAM memory cells 
5 are concave-type MIM capacitors, for example. The semiconductor device 
manufacturing method of the first preferred embodiment will now be described referring 
to Figs. 1 to 1 6. 

First, as shown in Fig. 1, element isolation insulating films 2 are formed in the 
upper surface of a semiconductor substrate 1, e.g. an n-type silicon substrate, by a known 

10 LOCOS isolation technique or trench isolation technique. Then a p-type well region 53 
is formed in the upper surface of the semiconductor substrate 1 in the region for 
formation of the memory device (hereinafter referred to as "a memory region") and a 
p-type well region 3 is formed in the upper surface of the semiconductor substrate 1 in the 
region for formation of the logic device (hereinafter referred to as "a logic region). 

15 Next, in the memory region, a plurality of n-type source/drain regions 59 are 

formed at given distances from each other in the upper surface of the well region 53, and 
gate structures 61 are formed on the upper surface of the well region 53 between the 
source/drain regions 59. In the logic region, a plurality of n-type source/drain regions 9 
are formed at a given distance in the upper surface of the well region 3 and a gate 

20 structure 1 1 is formed on the upper surface of the well region 3 between the source/drain 
regions 9. 

Each gate structure 61 in the memory region has: a gate insulating film 55, e.g. 
a silicon oxide film; a gate electrode 56, e.g. a polycrystalline silicon film; and sidewalls 
60, e.g. silicon nitride films. After the formation of the gate structures 61, the gate 
25 insulating films 55 lie on the top surface of the well region 53 between the source/drain 
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regions 59, with the gate electrodes 56 lying on the gate insulating films 55. The 
sidewalls 60 reside on the sides of the gate insulating films 55 and gate electrodes 56. 

The gate structure 11 in the logic region has: a gate insulating film 5, e.g. a 
silicon oxide film; a gate electrode 6, e.g. a polycrystalline silicon film; and sidewalls 10 5 
5 e.g. silicon nitride films. After the formation of the gate structure 1 1, the gate insulating 
film 5 lies on the top surface of the well region 3 between the source/drain regions 9, with 
the gate electrode 6 lying on the gate insulating film 5. The sidewalls 10 reside on the 
sides of the gate insulating film 5 and gate electrode 6. 

Next, the top surfaces of the gate electrodes 6 and 56 and the top surfaces of the 
10 source/drain regions 9 and 59 are silicidized to form silicide films 12 on the top surfaces 
of the gate electrodes 6 and 56 and silicide films 12 on the top surfaces of the 
source/drain regions 9 and 59. The silicide films 12 may be cobalt silicide films, for 
example. 

Next, as shown in Fig. 2, an insulating film 14 is formed on the semiconductor 
15 substrate 1 to cover the gate structures 11 and 61. The insulating film 14, e.g, a 
BPTEOS film, functions as an interlayer insulating film. 

Next, resist (not shown) having a given opening pattern is formed on the 
insulating film 14 by photolithography and then the insulating film 14 is partially etched 
and removed away using the resist. This etching adopts an anisotropic dry-etching using 
20 a mixed gas of C 4 F 6 , 0 2 , and Ar. Then the resist used as a mask is removed. 

Thus, as shown in Fig. 3, in the memory region, contact holes 65 are formed in 
the insulating film 14 to reach the silicide films 12 on the semiconductor substrate 1; in 
the logic region, contact holes 15 are formed in the insulating film 14 to reach the silicide 
films 12 on the semiconductor substrate 1. 
25 Next, a refractory metal film of, e.g. tungsten, is formed all over the surface to 
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fill the contact holes 15 and 65. Then, the refractory metal film on the top surface of the 
insulating film 14 is removed, e.g. by. CMP. Thus, as shown in Fig. 4, in the insulating 
film 14, conductive films 16 of refractory metal fill the contact holes 15 and conductive 
films 66 of refractory metal fill the contact holes 65. 
5 Next, as shown in Fig. 5, a resist 30, adapted for excimer exposure, is formed 

all over the surface, and a photolithography process using an excimer laser as the light 
source is applied to the resist 30 to form an opening pattern that exposes the top surfaces 
of conductive films 66 that will be electrically connected to capacitors formed later. 
Then, as shown in Fig. 6, using the resist 30 as a mask, the exposed portions are etched to 
10 selectively remove upper parts of the conductive films 66 that are to be connected with 
capacitors. This process forms recesses 81 in the insulating film 14 in the memory 
region. This etching process adopts an anisotropic dry-etching using SFe as the etching 
gas. 

Next, as shown in Fig. 7, the resist 30 used as a mask is removed. Then, a 
15 barrier layer material, formed of, e.g. titanium nitride (TiN), tantalum nitride (TaN), or 
titanium silicide nitride (TiSiN), is formed all over the surface to fill the recesses 81, and 
the barrier layer material is removed above the recesses 81, e.g. by CMP. Thus, as 
shown in Fig. 8, conductive barrier layers 82 of, e.g. titanium nitride, tantalum nitride, or 
' titanium silicide nitride, fill the recesses 81 in the insulating film 14. 
20 The process steps above thus form a contact plug 83a and contact plugs 83b in 

the insulating film 14 in the memory region; the contact plug 83a is formed of the 
conductive film 66, and the contact plugs 83b are each formed of the conductive barrier 
layer 82 in the upper part and the conductive film 66 in the remaining part. In the logic 
region, contact plugs 33 made of the conductive film 16 are thus formed in the insulating 
25 film 14. As can be clearly seen from the materials used, the conductive barrier layers 82 
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exhibit lower conductivity than the conductive films 1 6 and 66. 

The contact plugs 33 have their top surfaces exposed from the insulating film 
14 and are electrically connected through the silicide films 12 to the source/drain regions 
9 in the upper surface of the semiconductor substrate 1 . 
5 The contact plug 83a has its top surface exposed from the insulating film 14 

and is electrically connected through the silicide film 12 to one of the adjacent 
source/drain regions 59 that is to be electrically connected to a bit line formed later. 

The contact plugs 83b have their top surfaces, i.e. the top surfaces of 
conductive barrier layers 82, exposed from the insulating film 14, and are electrically 

10 connected through silicide films 12 to ones of the adjacent source/drain regions 59 that 
are to be electrically connected to capacitors formed later. 

Next, as shown in Fig. 9, a stopper film 17, e.g. a silicon nitride film, is formed 
on the insulating film 14 and contact plugs 33, 83a, and 83b. Then an interlayer 
insulating film 18 is formed on the stopper film 17. BPTEOS film is adopted as the 

15 interlayer insulating film 18, for example. 

Next, a resist (not shown) having a given opening pattern is formed on the 
interlayer insulating film 18. Then, using the resist as a mask, the interlayer insulating 
film 18 is etched away using the stopper film 17 as an etching stopper. This etching 
adopts an anisotropic dry-etching process using a mixed gas of C4F6, O2, and Ar. 

20 Then, using again as a mask the resist used to etch the interlayer insulating film 

18, the exposed parts of the stopper film 17 are etched and removed away and then the 
resist is removed. This etching adopts an anisotropic dry-etching process using CHF3 as 
the etching gas. Thus, as shown in Fig. 10, openings 69 are formed through the 
interlayer insulating film 18 and stopper film 17, exposing the contact plugs 83b that are 

25 to be connected with capacitors. 
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Next, DRAM memory cell capacitors are formed in the openings 69; the 
capacitors are formed in contact with the conductive barrier layers 82 of the contact plugs 
83b. More specifically, a lower electrode material, e.g. ruthenium (Ru), titanium nitride 
(TiN), or platinum (Pt), is formed all over the surface. Then, with resist (not shown) 
5 filling the openings 69, the lower electrode material on the top surface of the interlayer 
insulating film 1 8 is removed by anisotropic dry-etching, and then the resist is removed. 
Thus, as shown in Fig. 1 1 , capacitor lower electrodes 70, of ruthenium, titanium nitride, 
or platinum, are formed in the openings 69. While the description said that the lower 
electrode material on top of the interlayer insulating film 1 8 is removed by anisotropic 

10 dry-etching, the electrode material may be removed by CMP. 

Next, a dielectric film material formed of, e.g. tantalum oxide (Ta 2 0 5 ), 
aluminum oxide (A1 2 0 3 ), or barium strontium titanate (BST), and an upper electrode 
material of, e.g. ruthenium, titanium nitride, or platinum, are stacked in this order all over 
the surface, which are patterned using resist. This forms, as shown in Fig. 12, capacitor 

15 upper electrodes 72 of, e.g. ruthenium, titanium nitride, or platinum, and capacitor 
dielectric films 71 of tantalum oxide, aluminum oxide, or barium strontium titanate 
between the lower electrodes 71 and upper electrodes 72; capacitors 73 are thus 
completed in the openings 69. 

Now, the formation of dielectric films 71 of MIM capacitors 73 uses an 

20 MOCVD (Metal Organic GVD) process that uses organic metal material gas. This 
MOCVD process includes an oxygen adding process involving UV-O3 oxidation or 
plasma oxidation during the deposition of the dielectric film material, and also includes a 
lamp anneal process for crystallization in an oxygen atmosphere after the deposition. 
During the process, produced oxidation species pass through the lower electrodes 70 to 

25 reach the contact plugs 83b; therefore, in the absence of the conductive barrier layers 82, 
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the conductive films 66 of contact plugs 83b will be oxidized. However, in the first 
preferred embodiment, the conductive barrier layers 82 in the top ends of the contact 
plugs 83b serve as oxidation preventing films, preventing oxidation of the conductive 
films 66 of contact plugs 83b during the formation of the dielectric films 71 of capacitors 
5 73. 

Next, as shown in Fig. 13, an interlayer insulating film 23, e.g. a TEOS film, is 
formed on the upper electrodes 72 of capacitors 73 and the interlayer insulating film 1 8 
and is then planarized by CMP. Thus, an insulating film 31, which includes the stopper 
film 17 and interlayer insulating films 18 and 23, is formed on the insulating film 14 and 
10 contact plugs 33 and 83a and covers the capacitors 73. 

Next, as shown in Fig. 14, a resist 38 is formed on the insulating film 31, with 
opening patterns 39a positioned in correspondence with the contact plugs 33 and an 

r 

opening pattern 39b positioned in correspondence with the contact plug 83a. Then, 
using the resist 38 as a mask, the interlayer insulating films 18 and 23 are partially etched 

15 and removed away using the stopper film 17 as an etching stopper. This etching adopts 
an anisotropic dry-etching process using a mixed gas of C 4 F 6? O2, and Ar. Then, using 
the resist 38 as a mask again, the exposed parts of the stopper film 17 are etched away. 
This etching adopts an anisotropic dry-etching process using CHF3 as the etching gas. 

Contact holes 24 are thus formed in the insulating film 31 to respectively reach 

20 the contact plugs 33 and a contact hole 74 is formed to reach the contact plug 83 a. 

Next, the resist 38 is removed, and a refractory metal film of, e.g. tungsten, is 
formed all over the surface to fill the contact holes 24 and 74. Then, the refractory metal 
film on the top surface of the insulating film 31 is removed, e.g. by CMP. Thus, as 
shown in Fig. 15, contact plugs 25 of refractory metal which fill contact holes 24 are 

25 formed in the insulating film 31 in the logic region, with the contact plugs 33 and contact 
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plugs 25 respectively in contact with each other. Also, a contact plug 75 of refractory 
metal which fills the contact hole 74 is formed in the insulating film 31 in the memory 
region, with the contact plug 83 a and contact plug 75 in contact with each other. 

Next, as shown in Fig. 16, interconnections 26, in contact with the contact 
5 plugs 25, are formed on the insulating film 31, and a DRAM memory cell bit line 76 in 
contact with the contact plug 75 is formed on the insulating film 31. The 
interconnections 26 and bit line 76 may be formed of aluminum interconnections, for 
example. 

Through the process steps shown above, a memory device having concave-type 

10 MIM capacitors is formed in the memory region and a logic device with stacked structure 
is formed in the logic region. 

As described so far, according to the semiconductor device manufacturing 
method of the first preferred embodiment, the oxidation-preventing conductive barrier 
layers 82 reside in the top ends of the contact plugs 83b that are connected with the 

15 capacitors 73, which prevent oxidation of the conductive films 66 of the contact plugs 
83b during formation of the dielectric films 71 of capacitors 73. This reduces the 
contact resistance between the capacitors 73 and source/drain regions 59. Furthermore, 
adopting the stacked structure in the logic region avoids inferior contacts due to increased 
aspect ratios of contact plugs. It is thus possible to achieve both of a reduction in 

20 contact resistance in the memory device and a reduction in contact resistance in the logic 
device, even when oxidation process is performed during formation of the dielectric films 
71 of capacitors 73 as described in the first preferred embodiment. 

While the first preferred embodiment has shown a method for manufacturing a 
semiconductor device that has concave-type MIM capacitors as DRAM memory cell 

25 capacitors 73, the present invention can be applied also to methods for manufacturing 
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semiconductor devices in which capacitors 73 are MIM capacitors of other structures. 
For example, the present invention can be applied also to methods for manufacturing 
semiconductor devices having supported cylinder-type MIM capacitors as shown in Fig. 
17, pillar-type MIM capacitors as shown in Fig. 18, and thick-film stacked-type MIM 
5 capacitors as shown in Fig. 19. 

When supported cylinder-type MIM capacitors are adopted as capacitors 73, the 
accumulated capacitance can be increased as compared with that of the semiconductor 
device of the first preferred embodiment. When pillar-type MIM capacitors are adopted 
or thick-film stacked-type MIM capacitors are adopted, good film formation coverage is 
10 obtained during formation of the upper electrodes 72, which lowers the leakage current of 
capacitors 73 as compared with the. semiconductor device of the first preferred 
embodiment. 

When pillar-type MIM capacitors or thick-film stacked-type MIM capacitors 

are adopted, the aspect ratios of the contact plugs 25, 75 can be smaller. Therefore, as 
15 shown in Figs. 20 and 21, the contact plugs 25 and interconnections 26, or the contact 

plug 75 and bit line 76 may be integrally formed using dual damascene process. 

When thick-film stacked-type MIM capacitors are adopted, the interlayer 

insulating film 18 in the insulating film 31 is removed during the manufacturing process. 

Therefore Figs. 19 and 21 do not show it. 
20 While the first preferred embodiment uses a mixed gas of C4F6, O2, and Ar to 

etch the insulating film 14 and interlayer insulating films 18 and 23, a mixed gas of C 5 F 8 

or C4F6, O2, and Ar may be used. 

Second Preferred Embodiment 
25 The first preferred embodiment provides the conductive barrier layers 82 in the 
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top ends of the contact plugs 83b that are connected to capacitors 73. However, during 
the formation of the dielectric films 71 of capacitors 73, not only the contact plugs 83b 
but also the neighboring contact plug 83a in the memory region may be oxidized. 

Accordingly, a second preferred embodiment describes a manufacturing 
5 method in which conductive barrier layer 82 is formed also in the top end of the contact 
plug 83a that is electrically connected to the DRAM memory cell bit line 76. 

Figs. 22 to 30 are cross-sectional views showing a sequence of process steps for 
manufacturing a semiconductor device according to the second preferred embodiment of 
the invention. First, the structure shown in Fig. 4 is obtained according to the 

10 manufacturing process of the first preferred embodiment. Then, as shown in Fig. 22, 
resist 35 adapted for i-line exposure is formed all over the surface, and an opening pattern 
that opens the memory region is formed in the resist 35 by photolithography using i-line 
as the light source. Then, as shown in Fig. 23, the exposed part is etched using the resist 
35 as a mask to selectively remove the top ends of the conductive films 66 that are to be 

15 electrically connected to capacitors 73 and the top end of the conductive film 66 that is to 
be electrically connected to the bit line 76. Recesses 81 are thus formed in the insulating 
film 14 in the memory region. This etching adopts an anisotropic dry-etching process 
using SF6 as the etching gas. 

In the second preferred embodiment, unlike in the first preferred embodiment, 

20 an opening pattern that opens the entire memory region is formed in the resist 35, since it 
is not necessary to resist-mask the conductive film 66 electrically connected to the bit line 
76. Therefore the second preferred embodiment can adopt i-line-exposure-adapted resist 
35 that is less expensive than the excimer-exposure-adapted resist 30 used in the first 
preferred embodiment. It is therefore possible to use less expensive exposure apparatus 

25 to form the opening pattern in the resist 35 than in the first preferred embodiment. 



17 

Next, as shown in Fig. 24, the resist 35 used as a mask is removed. Then, a 
barrier layer material of, e.g. titanium nitride, tantalum nitride, or titanium silicide nitride, 
is formed all over the surface to fill the recesses 81, and the barrier layer material above 
the recesses 81 is removed, e.g. by CMP. Thus, as shown in Fig. 25, conductive barrier 
5 layers 82 filling the recesses 81 are formed in the insulating film 14. 

These process steps form a contact plug 83a and contact plugs 83b in the 
insulating film 14 in the memory region; the contact plug 83a is electrically connected to 
one of adjacent source/drain regions 59 and has the conductive barrier layer 82 in the top 
portion and the conductive film 66 in the remaining portion, and the contact plugs 83b are 
10 electrically connected to others of adjacent source/drain regions 59 and each have the 
conductive barrier layer 82 in the top portion and the conductive film 66 in the remaining 
portion. In the logic region, contact plugs 33 of conductive film 16 are formed in the 
insulating film 14. 

Next, as shown in Fig. 26, stopper film 17 and interlayer insulating film 18 are 
15 deposited in this order on the insulating film 14 and contact plugs 33, 83a and 83b. 
Then, as shown in Fig. 27, as in the first preferred embodiment, openings 69, capacitors 
73, and interlayer insulating film 23 are sequentially formed. The capacitors 73 shown 
in Fig. 27 are concave-type MIM capacitors. 

Next, as shown in Fig. 28, resist 38 having opening patterns 39a and 39b is 
20 formed on the insulating film 31. The interlayer insulating films 18 and 23 and stopper 
film 17 are etched and removed away using the resist 38 as a mask. This process forms 
contact holes 24 respectively reaching the contact plugs 33 and a contact hole 74 reaching 
the conductive barrier layer 82 of the contact plug 83a in the insulating film 31. 

Next, after removal of resist 38, as shown in Fig. 29, contact plugs 25 filling the 
25 contact holes 24 and contact plug 75 filling the contact hole 74 are formed. Thus the 
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contact plugs 33 and contact plugs 25 are in contact respectively with each other and the 
conductive barrier layer 82 of the contact plug 83a and the contact plug 75 are in contact 
with each other. 

Next, as shown in Fig. 30, interconnections 26 and bit line 76 are formed on the 
5 insulating film 31. 

Thus, a memory device is formed in the memory region and a logic device is 
formed in the logic region. 

As described above, according to the semiconductor device manufacturing 
method of the second preferred embodiment, the oxidation-preventing conductive barrier 
10 layers 82 are formed not only in the top ends of the contact plugs 83b connected to the 
capacitors 73 but also in the top end of the contact plug 83a electrically connected to the 
bit line 76 and contact plug 75. Therefore the conductive film 66 of the contact plug 83a 
is not oxidized during formation of the dielectric films 71 of capacitors 73. This reduces 
the contact resistance between the bit line 76 or contact plug 75 and the source/drain 
15 regions 59. 

The second preferred embodiment has shown a method for manufacturing a 
semiconductor device that has concave-type MIM capacitors as DRAM memory cell 
capacitors 73. However, as has been mentioned in the first, preferred embodiment, the 
present invention can be applied also to methods for manufacturing semiconductor 
20 devices in which capacitors 73 are MIM capacitors with other structures. For example, 
the present invention can be applied also to methods for manufacturing semiconductor 
devices having supported cylinder-type MIM capacitors as shown in Fig. 31, pillar-type 
MIM capacitors as shown in Fig. 32, and thick-film stacked-type MIM capacitors as 
shown in Fig. 33. 

25 When pillar-type MIM capacitors or thick-film stacked-type MIM capacitors 
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are adopted, the aspect ratios of contact plugs 25, 75 can be smaller. Therefore, as 
shown in Figs. 34 and 35, the contact plugs 25 and interconnections 26, or the contact 
plug 75 and bit line 76 may be integrally formed using dual damascene process. 

When thick-film stacked-type MIM capacitors are adopted, the interlayer 
5 insulating film 18 in the insulating film 31 is removed during the manufacturing process. 
Therefore Figs. 33 and 35 do not show it. 

Third Preferred Embodiment 

The second preferred embodiment provides the conductive barrier layers 82 in 

10 the top ends of the contact plugs 83a and 83b in the memory region. However, during 
formation of the dielectric films 71 of capacitors 73, the contact plugs 33 in the logic 
region may also be oxidized, as well as those in the memory region. 

Therefore a third preferred embodiment describes a manufacturing method in 
which conductive barrier layers are formed also in the top ends of the contact plugs 33 in 

15 the logic region. 

Figs. 36 to 42 are cross-sectional views showing a sequence of process steps of 
the semiconductor device manufacturing method of the third preferred embodiment. 
First, the structure shown in Fig. 4 is obtained according to' the manufacturing process of 
the first preferred embodiment. Then, as shown in Fig. 36, without using resist, the 

20 entire surface is etched to selectively remove the top ends of the conductive films 66 in 
the memory region and the top ends of the conductive films 16 in the logic region. Thus, 
recesses 81 are formed in the insulating film 14 in the memory region and recesses 41 are 
formed in the insulating film 14 in the logic region. This etching adopts an anisotropic 
dry-etching process using SF6 as the etching gas. 

25 Next, a barrier layer material of, e.g. titanium nitride, tantalum nitride, or 
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titanium silicide nitride, is formed all over the surface to fill the recesses 41 and 81, and 
the barrier layer material above the recesses 41 and 81 is removed, e.g. by CMP. Thus, 
as shown in Fig. 37, conductive barrier layers 82 filling the recesses 81 are formed in the 
insulating film 14 in the memory region. Also, conductive barrier layers 42 of titanium 
5 nitride, tantalum nitride, or titanium silicide nitride filling the recesses 41 in the logic 
region are formed in the insulating film 14. 

These process steps form a contact plug 83a and contact plugs 83b in the 
insulating film 14 in the memory region; the contact plug 83a has conductive barrier layer 
82 in the top end and each contact plugs 83b, too, has conductive barrier layer 82 in the 

10 top end. In the logic region, contact plugs 33 having conductive barrier layers 42 in 
their top ends and conductive films 16 in the remaining portions are formed in the 
insulating film 14. Like the conductive barrier layers 82, the conductive barrier layers 
42 have lower conductivity than the conductive films 16 and 66. 

Next, as shown in Fig. 38, stopper film 17 and interlayer insulating film 18 are 

15 deposited in this order on the insulating film 14 and contact plugs 33, 83a and 83b. 
Then, as shown in Fig. 39, as in the first preferred embodiment, openings 69, capacitors 
73, and interlayer insulating films 23 are sequentially formed. The capacitors 73 shown 
in Fig. 39 are concave-type MIM capacitors. 

Next, as shown in Fig. 40, resist 38 having opening patterns 39a and 39b is 

20 formed on the insulating film 31. The interlayer insulating films 18 and 23 and stopper 
film 17 are etched and removed away using the resist 38 as a mask. This process forms 
contact holes 24 respectively reaching the conductive barrier layers 42 of the contact 
plugs 33 and a contact hole 74 reaching the conductive barrier layer 82 of the contact plug 
83a in the insulating film 3 1 . 

25 Next, after removal of the resist 38, as shown in Fig. 41, contact plugs 25 filling 
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the contact holes 24 and contact plug 75 filling the contact hole 74 are formed. Thus the 
conductive barrier layers 42 of the contact plugs 33 and the contact plugs 25 are in 
contact respectively with each other and the conductive barrier layer 82 of the contact 
plug 83a and the contact plug 75 are in contact with each other. 
5 Next, as shown in Fig. 42, interconnections 26 and bit line 76 are formed on the 

insulating film 31. 

Thus a memory device is formed in the memory region and a logic device is 
formed in the logic region. 

As described above, according to the semiconductor device manufacturing 

10 method of the third preferred embodiment, the oxidation-preventing conductive barrier 
layers 42 are formed in the top ends of the contact plugs 33 provided in the lower layer in 
the logic region, as well as those in the top ends of the contact plugs 83a and 83b in the 
memory region. Therefore the conductive films 16 of the contact plugs 33 are not 
oxidized during formation of the dielectric films 71 of capacitors 73. This further 

15 lowers the contact resistance between the contact plugs 25 provided in the upper layer and 
the source/drain regions 9 in the logic region. 

The third preferred embodiment has shown a method for manufacturing a 
semiconductor device that has concave-type MIM capacitors as DRAM memory cell 
capacitors 73. However, as has been mentioned in the first and second preferred 

20 embodiments, the present invention can be applied also to methods for manufacturing 
semiconductor devices in which capacitors 73 are MIM capacitors of other structures. 
For example, the present invention can be applied also to methods for manufacturing 
semiconductor devices having supported cylinder-type MIM capacitors as shown in Fig. 
43, pillar- type MIM capacitors as shown in Fig. 44, and thick-film stacked-type MIM 

25 capacitors as shown in Fig. 45. 
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When pillar-type MIM capacitors or thick-film stacked-type MIM capacitors 
are adopted, the aspect ratios of the contact plugs 25, 75 can be smaller. Therefore, as 
shown in Figs. 46 and 47, the contact plugs 25 and interconnections 26, or the contact 
plug 75 and bit line 76 may be integrally formed using dual damascene process. 
5 When thick-film stacked-type MIM capacitors are adopted, the interlayer 

insulating film 18 in the insulating film 31 is removed during the manufacturing process. 
Therefore Figs. 45 and 47 do not show it. 

Fourth Preferred Embodiment 

10 In the semiconductor device manufactured by the method of the third preferred 

embodiment, as shown in Fig. 42, the conductive barrier layers 42 and 82, serving as 
oxidation preventing films, remain in the top ends of the contact plugs 33 and 83 a. 
However, the conductive barrier layers 42 and 82 may be removed after the formation of 
capacitors 73 because they are not necessary any more. A fourth preferred embodiment 

15 describes a method in which the conductive barrier layers 42 and 82 are removed after the 
formation of capacitors 73. 

Figs. 48 to 50 are cross-sectional views showing a sequence of process steps for 
manufacturing a semiconductor device according to the fourth preferred embodiment of 
the invention. First, the structure shown in Fig. 39 is obtained according to the process 

20 of the third preferred embodiment. Then, as shown in Fig. 48, resist 38 having opening 
patterns 39a and 39b is formed on the insulating film 31. Then, using the resist 38 as a 
mask, the interlayer insulating films 18 and 23 are etched and removed away using the 
stopper film 17 as an etching stopper. This etching adopts an anisotropic dry-etching 
process using a mixed gas of C 4 F 6 , 0 2 and Ar. Then, using a different etching gas, and 

25 using the resist 38 as a mask again, the exposed parts of the stopper film 17 are etched 
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away. This etching adopts an anisotropic dry-etching process using CHF 3 as the etching 
gas. 

Thus, contact hole 74 reaching the contact plug 83a and contact holes 24 
reaching the contact plugs 33 are formed through the insulating film 31. 
5 Next, using another etching gas, and using the resist 38 as a mask, the exposed 

conductive barrier layers 42 and 82 are etched and removed away. This etching adopts 
an anisotropic dry-etching process using a mixed gas of Cb and CHF3. 

Thus, in the memory region, a recess 93 communicating with the contact hole 
74 is formed in the insulating film 14, with the conductive film 66 of the contact plug 83a 
10 being exposed. Also, in the logic region, recesses 43 communicating with the contact 
holes 24 are formed in the insulating film 14, with the conductive films 16 of the contact 
plugs 33 being exposed. 

Next, after removal of resist 38, a refractory metal film of, e.g. tungsten, is 
formed all over the surface to fill the recesses 43, 93 and contact holes 24, 74. Then, the 
15 refractory metal film on the top surface of the insulating film 3 1 is removed, e.g. by CMP. 
Thus, as shown in Fig. 49, in the logic region, contact plugs 25, filling the contact holes 
24 and recesses 43, are formed in the insulating films 14 and 31, and the conductive films 
16 of the contact plugs 33 are in contact respectively with the contact plugs 25. Also, in 
the memory region, a contact plug 75 filling the contact hole 74 and recess 93 is formed 
20 in the insulating films 14 and 31, and the conductive film 66 of the contact plug 83a is in 
contact with the contact plug 75. Subsequently, as shown in Fig. 50, interconnections 
26 and bit line 76 are formed on the insulating film 31, thus completing a merged 
memory-logic semiconductor device. 

As described above, in the semiconductor device manufacturing method of the 
25 fourth preferred embodiment, the conductive barrier layer 82 formed in the top end of the 
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contact plug 83a in the memory region is removed after the formation of capacitors 73. 
Therefore the contact plug 75 in the upper layer is in contact with the conductive film 66 
of the contact plug 83a in the lower layer. The conductive film 66 has a higher 
conductivity than the conductive barrier layer 82. The contact resistance between the 
5 upper-layer contact plug 75 and the lower-layer contact plug 83a is therefore lower than 
when the upper-layer contact plug 75 is in contact with the conductive barrier layer 82 of 
the lower-layer contact plug 83a, as described in the method of the third preferred 
embodiment. This further lowers the contact resistance between the contact plug 75 or 
bit line 76 and the source/drain regions 59. 

10 Furthermore, since the conductive barrier layers 42 formed in the top ends of 

contact plugs 33 in the logic region are removed after formation of capacitors 73, the 
contact plugs 25 in the upper layer are in contact respectively with the conductive films 
16 of the contact plugs 33 in the lower layer. The conductive films 16 have a higher 
conductivity than the conductive barrier layers 42. The contact resistance between the 

15 upper-layer contact plugs 25 and the lower-layer contact plugs 33 is therefore lower than 
when the upper-layer contact plugs 25 are in contact with the conductive barrier layers 42 
of the lower-layer contact plugs 33 as described in the method of the third preferred 
embodiment. This further lowers the contact resistance between the contact plugs 25 
and source/drain regions 9. 

20 Moreover, in the fourth preferred embodiment, the conductive barrier layers 42 

and 82 are removed using the resist 38 that is used to form the contact holes 24 and 74 in 
the insulating film 31, using a different etching gas. The conductive barrier layers 42 
and 82 can thus be removed by a smaller number of process steps. 

25 Fifth Preferred Embodiment 
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Fig. 51 is a cross-sectional view showing the structure of a semiconductor 
device according to a fifth preferred embodiment of the invention. The semiconductor 
device of the fifth preferred embodiment has contact plugs 25 that are differently shaped 
from those in the structure shown in Fig. 42. Therefore some contents already described 
in the first to fourth preferred embodiments are not described again here to show the 
semiconductor device of the fifth preferred embodiment. 

As shown in Fig. 51, the semiconductor device of the fifth preferred 
embodiment has: semiconductor substrate 1; insulating film 14 provided on the 
semiconductor substrate 1; contact plugs 33, 83a, 83b formed in the insulating film 14; 
capacitors 73 residing on the insulating film 14 and being in contact with the contact 
plugs 83b; insulating film 31 lying on the insulating film 14 and covering capacitors 73; 
contact plugs 25, 75 formed in the insulating film 31; and interconnections 26 and bit line 
76 lying on the insulating film 31. 

Element isolation insulating films 2 are formed in the upper surface of the 
semiconductor substrate 1 . Also, well region 3 is formed in the upper surface of the 
semiconductor substrate 1 in the logic region and well region 53 is formed in the upper 
surface of the semiconductor substrate 1 in the memory region. 

A plurality of source/drain regions 9 are provided at a given distance in the 
upper surface of the well region 3, and a plurality of source/drain regions 59 are provided 
at given distances in the upper surface of the well region 53. 

Gate structure 1 1 is provided on the upper surface of the well region 3 between 
adjacent source/drain regions 9, and gate structures 61 are provided on the upper surface 
of the well region 53 between adjacent source/drain regions 59. 

Silicide films 12 are provided on the top surface of the gate electrode 6 of the 
gate structure 1 1 and on the top surfaces of the gate electrodes 56 of the gate structures 61 . 



26 

Silicide films 12 are formed also on the source/drain regions 9 and 59. 

The top surfaces of the contact plugs 33, 83a, 83b are exposed from the 
insulating film 14. Each contact plug 83b is electrically connected through silicide film 
12 to one of adjacent source/drain regions 59, and the contact plug 83a is electrically 
5 connected through silicide film 12 to the other of adjacent source/drain regions 59. 
Contact plugs 33 are electrically connected through silicide films 12 to the source/drain 
regions 9. 

In the memory region, the contact plug 75 is in contact with the top surface of 
the conductive barrier layer 82 of the contact plug 83a, and the top surface of the contact 
10 plug 75 is exposed from the insulating film 31. Bit line 76 is in contact with the contact 
plug 75. 

In the logic region, the top surfaces of the contact plugs 25 are exposed from 
the insulating film 31 and are in contact with the interconnections 26. Each contact plug 
25 extends into the insulating film 14 and is in contact with the conductive barrier layer 

15 42 of the contact plug 33 and also in contact with part of the side surface of the top 
portion of the conductive film 16. 

In this way, according to the semiconductor device of the fifth preferred 
embodiment, even when the contact plugs 33 in the logic region have 
oxidation-preventing conductive barrier layers 42, the upper-layer contact plugs 25 are in 

20 contact not only with the conductive barrier layers 42 of the lower-layer contact plugs 33 
but also with the conductive films 16 having higher conductivity. Therefore, the contact 
resistance between the upper-layer contact plugs 25 in the logic region and the 
source/drain regions 9 in the semiconductor substrate 1 is lower than when the 
upper-layer contact plugs 25 are electrically connected with the conductive films 16 

25 through the conductive barrier layers 42 as shown in the semiconductor device of Fig. 42. 
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Furthermore, the conductive barrier layers 82 in the top ends of the contact 
plugs 83b that are in contact with capacitors 73 prevent oxidation of the conductive films 
66 of the contact plugs 83b during formation of the dielectric films 71 of capacitors 73. 
Thus, even when oxidation process is performed for formation of the dielectric films 71 
5 of capacitors 73, it is possible to achieve both of a reduction in contact resistance in the 
memory device and a reduction in contact resistance in the logic device. 

Next, a method for manufacturing the semiconductor device shown in Fig. 5 1 is 
described referring to Figs. 52 to 55 First, the structure shown in Fig. 39 is obtained 
according to the manufacturing process of the third preferred embodiment. Next, as 
10 shown in Fig. 52, a resist 38 is formed on the insulating film 31. 

Then, as shown in Fig. 53, opening patterns 39a and 39b are formed through the 
resist 38 in correspondence respectively with the positions of the contact plugs 33 and 
83a. In this process, the opening patterns 39a above the contact plugs 33 are 
intentionally somewhat misaligned with, or shifted from, the contact plugs 33. 
15 Therefore, as shown in Fig. 53, the opening patterns 39a extend not only right above the 
contact plugs 33 but also right above the insulating film 14. 

The opening pattern 39b above the contact plug 83a is positioned just right 
above the contact plug 83a, without being intentionally misaligned with the contact plug 
83a. In the fifth preferred embodiment, the diameter of the opening patterns 39a is set 
20 almost the same as the diameter of the contact plugs 33 and the diameter of the opening 
pattern 39b is set almost the same as the diameter of the contact plug 83a. 

Next, as shown in Fig. 54, using as a mask the resist 38 having opening patterns 
39a and 39b, the interlayer insulating films 18 and 23 are partially etched and removed 
away using the stopper film 1 7 as an etching stopper. This etching adopts an anisotropic 
25 dry-etching process using a mixed gas of C4F6, O2 and Ar. 
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Then, using the resist 38 as a mask again, the exposed parts of the stopper film 
17 are etched away by anisotropic dry-etching using CHF3 as the etching gas, so as to 
form contact holes 24 passing through the insulating film 3 1 to respectively reach the 
contact plugs 33 and a contact hole 74 reaching the contact plug 83a. During this 
5 process, the stopper film 17 is over-etched for a given amount so that the contact holes 24 
extend into the insulating film 14, whereby side surfaces of the conductive films 16 of the 
contact plugs 33 are exposed. 

As shown above, since the opening patterns 39a are misaligned with the contact 
plugs 33, the opening patterns 39a are located not only right above the contact plugs 33 

10 but also right above the . insulating film 14. Accordingly, in the logic region, the 
insulating film 14, too, is etched by the over-etch of the stopper film 17. It is thus 
possible, by over-etching the stopper film 1 7 for a given amount, to expose not only the 
conductive barrier layers 42 of the contact plugs 33 but also parts of the side surfaces of 
top portions of the conductive films 16. 

15 The opening pattern 39b is positioned only right above the contact plug 83a, so 

that the insulating film 14 is not etched in the memory region. Also, the conductive 
barrier layer 82 of the contact plug 83a is hardly etched by the etching gas used to remove 
the stopper film 17, so that the conductive barrier layer 82 remains in the top end of the 
contact plug 83a after the formation of the contact hole 74. 

20 Next, as shown in Fig. 55, contact plugs 25 are formed to fill the contact holes 

24 and a contact plug 75 is formed to fill the contact hole 74. Thus, the contact plugs 25 
are formed not only through the insulating film 31 but also into the insulating film 14; 
they thus come in contact respectively with the conductive barrier layers 42 of the contact 
plugs 33 and also respectively with parts of the side surfaces of the top portions of the 

25 conductive films 16. Subsequently interconnections 26 and bit line 76 are formed on the 
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insulating film 31 to obtain the semiconductor device shown in Fig. 51. 

As shown above, according to the semiconductor device manufacturing method 
of the fifth preferred embodiment, even when oxidation-preventing conductive barrier 
layers 42 are formed in the top ends of the contact plugs 33 in the logic region, the 
5 upper-layer contact plugs 25 are in contact not only with the conductive barrier layers 42 
of the lower-layer contact plugs 33 but also with the conductive films 16 having higher 
conductivity. Therefore the contact resistance between the upper-layer contact plugs 25 
in the logic region and the source/drain regions 9 provided in the semiconductor substrate 
1 is lower than when the upper-layer contact plugs 25 are electrically connected to the 

10 conductive films 16 through the conductive barrier layers 42 as shown in the 
semiconductor device manufacturing method of the third preferred embodiment. 

Furthermore, the conductive barrier layers 82 in the top ends of the contact 
plugs 83b prevent oxidation of the conductive films 66 of the contact plugs 83b during 
formation of the dielectric films 71 of capacitors 73. Therefore it is possible to achieve 

15 both of a reduction in contact resistance in the memory device and a reduction in contact 
resistance in the logic device. 

In the fifth preferred embodiment, the upper-layer contact plug 75 in the 
memory region is in contact only with the conductive barrier layer 82 of the contact plug 
83a but is not in contact with the conductive film 66. However, as shown in the 

20 semiconductor device of Fig. 56, the contact plug 75 may be extended into the insulating 
film 14 so that it comes in contact also with a side surface of the conductive film 66 of 
the lower-layer contact plug 83a. 

Thus, even when the contact plug 83a in the memory region has 
oxidation-preventing conductive barrier layer 82, forming the upper-layer contact plug 75 

25 in contact with the conductive film 66 of the lower-layer contact plug 83a lowers the 



30 

contact resistance between the upper-layer contact plug 75 or bit line 76 and the 
source/drain regions 59 in the semiconductor substrate 1. 

A method for manufacturing the semiconductor device shown in Fig. 56 is now 
described referring to Figs. 57 and 58. 
5 First, the structure shown in Fig. 39 is obtained according to the process of the 

third preferred embodiment. Then, as shown in Fig. 57, a resist 38 is formed on the 
insulating film 31. Then opening patterns 39a and 39b are formed through the resist 38 
in correspondence respectively with the positions of the contact plugs 33 and 83a. In 
this process, like the opening patterns 39a above the contact plugs 33, the opening pattern 

10 39b above the contact plug 83a, too, is intentionally slightly misaligned with, or shifted 
from, the contact plug 83a. Thus, the opening pattern 39b is positioned not only right 
above the contact plug 83a but also right above the insulating film. 14. 

Next, as shown in Fig. 58, using as a mask the resist 38 having opening patterns 
39a and 39b, the interlayer insulating films 18 and 23 are partially etched and removed 

15 away using the stopper film 17 as an etching stopper. 

Then, using the resist 38 as a mask again, the exposed parts of the stopper film 
17 are etched away by anisotropic dry-etching using CHF 3 as the etching gas, so as to 
form contact holes 24 and 74 through the insulating film 31. During this process, the 
stopper film 17 is over-etched for a given amount so that the contact holes 24 and 74 

20 extend into the insulating film 14, whereby side surfaces of the conductive films 16 of the 
contact plugs 33 are exposed and a side surface of the conductive film 66 of the contact 
plug 83a is exposed, too. 

As shown above, since the alignment of the opening pattern 39b with the 
contact plug 83 a is shifted, the opening pattern 39b is located not only right above the 

25 contact plug 83a but also right above the insulating film 14. Accordingly, by the 
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over-etch to the stopper film 17, the insulating film 14 is etched not only in the logic 
region but also in the memory region. It is thus possible to expose not only the 
conductive barrier layer 82 of the contact plug 83a but also to expose part of the side 
surface of the top portion of the conductive film 66, by over-etching the stopper film 17 
5 for a given amount. 

Next, contact plugs 25 are formed to fill the contact holes 24 and a contact plug 
75 is formed to fill the contact hole 74. Thus, like the contact plugs 25, the contact plug 
75 is formed not only through the insulating film 31 but also into the insulating film 14; it 
thus comes in contact with the conductive barrier layer 82 of the contact plug 83a and 

10 also with part of the side surface of the top portion of the conductive film 66. 
Subsequently, interconnections 26 and bit line 76 are formed on the insulating film 3 1 to 
obtain the semiconductor device shown in Fig. 56. 

As shown above, even when oxidation-preventing conductive barrier layer 82 is 
formed in the top end of the contact plug 83a in the memory region, the upper-layer 

15 contact plug 75 is in contact not only with the conductive barrier layer 82 of the 
lower-layer contact plug 83a but also with the conductive film 66 having higher 
conductivity. Therefore the contact resistance between the upper-layer contact plug 75 
in the memory region and the source/drain regions 59 in the semiconductor substrate 1 is 
lowered. 

20 While the fifth preferred embodiment has shown semiconductor devices having 

concave-type MIM capacitors as DRAM memory cell capacitors 73 and manufacturing 
methods thereof, the present invention can be applied also to semiconductor devices and 
manufacturing methods in which MIM capacitors with other structures are used as 
capacitors 73. For example, the present invention can be applied also to semiconductor 

25 devices and manufacturing methods using supported cylinder-type MIM capacitors as 
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shown in Fig. 59, pillar-type MIM capacitors as shown in Fig. 60, and thick-film 
stacked-type MIM capacitors as shown in Fig. 61. 

When pillar-type MIM capacitors or thick-film stacked-type MIM capacitors 
are adopted, the aspect ratios of the contact plugs 25, 75 can be smaller. Therefore, as 
5 shown in Figs. 62 and 63, the contact plugs 25 and interconnections 26, or the contact 
plug 75 and bit line 76 may be integrally formed using dual damascene process. 

When thick-film stacked-type MIM capacitors are adopted, the interlayer 
insulating film 18 in the insulating film 31 is removed during the manufacturing process. 
Therefore Figs. 61 and 63 do not show it. 

10 

Sixth Preferred Embodiment 

Fig. 64 is a cross-sectional view showing the structure of a semiconductor 
device according to a sixth preferred embodiment of the invention. The semiconductor 
device of the sixth preferred embodiment has contact plugs 25 that are shaped differently 

15 from those in the semiconductor device of the fifth preferred embodiment. 

As shown in Fig. 64, in the semiconductor device of the sixth preferred 
embodiment, the top surfaces of the contact plugs 25 are exposed from the insulating film 
31 and are in contact with interconnections 26. The diameter of the contact plugs 25 is 
larger than the diameter of the contact plugs 33 and they extend into the insulating film 

20 14. The contact plugs 25 are in contact respectively with the conductive barrier layers 
42 of the contact plugs 33 and also in contact respectively with the entire peripheries of 
the side surfaces of top portions of the conductive films 16. In other respects the 
structure of the semiconductor device is the same as that of the fifth preferred 
embodiment and is not described again here. 

25 In this way, according to the semiconductor device of the sixth preferred 
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embodiment, even when the contact plugs 33 in the logic region have 
oxidation-preventing conductive barrier layers 42, the upper-layer contact plugs 25 are in 
contact not only with the conductive barrier layers 42 of the lower-layer contact plugs 33 
but also with the entire peripheries of the side surfaces of the top portions of the 
5 conductive films 16 having higher conductivity. Therefore, the contact resistance 
between the upper-layer contact plugs 25 in the logic region and the source/drain regions 
9 in the semiconductor substrate 1 is lower than in the semiconductor device of the fifth 
preferred embodiment in which contact plugs 25 are in contact only with parts of the side 
surfaces of the top portions of the conductive films 16. 

10 Next, a method for manufacturing the semiconductor device shown in Fig. 64 is 

described referring to Figs. 65 to 67. The same contents already described about the 
semiconductor device manufacturing method of the fifth preferred embodiment are not 
described again here. 

First, the structure shown in Fig. 39 is obtained according to the manufacturing 

15 method of the third preferred embodiment. Next, as shown in Fig. 65, a resist 38 is 
formed on the insulating film 31. 

Then, opening patterns 39a and 39b are formed through the resist 38 in 
correspondence respectively with the positions of the contact plugs 33 and 83a. In this 
process, the diameter of the opening patterns 39a above the contact plugs 33 is set larger 

20 than the diameter of the contact plugs 33, without intentional misalignment with the 
contact plugs 33. Therefore, as shown in Fig. 65, the opening patterns 39a are 
positioned not only right above the contact plugs 33 but also right above parts of the 
insulating film 14 around the contact plugs 33. 

Next, as shown in Fig. 66, using as a mask the resist 38 having opening patterns 

25 39a and 39b, the interlayer insulating films 18 and 23 are partially etched and removed 
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away using the stopper film 1 7 as an etching stopper. 

Then, using the resist 38 as a mask again, the exposed parts of the stopper film 
17 are etched away by anisotropic dry-etching using CHF3 as the etching gas, so as to 
form contact holes 24 passing through the insulating film 31 to reach the contact plugs 33 
5 and to form a contact hole 74 reaching the contact plug 83a. During this process, the 
stopper film 17 is over-etched for a given amount so that the contact holes 24 extend into 
the insulating film 14 to expose the entire peripheries of the side surfaces of top portions 
of the conductive films 16 of the contact plugs 33. 

As shown above, since the diameter of the opening patterns 39a is larger than 

10 the diameter of the contact plugs 33, the opening patterns 39a are located not only right 
above the contact plugs 33 but also right above parts of the insulating film 14 around the 
contact plugs 33. Accordingly, by over-etching the stopper film 17 for a given amount, 
the insulating film 14 is also etched, and it is possible to expose not only the conductive 
barrier layers 42 of the contact plugs 33 but also to expose the entire peripheries of the 

15, top portions of the side surfaces of the conductive films 16. 

Next, as shown in Fig. 67, contact plugs 25 are formed to fill the contact holes 
24 and a contact plug 75 is formed to fill the contact hole 74. Thus, the contact plugs 25 
are formed not only through the insulating film 31 but also into the insulating film 14; 
they thus come in contact respectively with the conductive barrier layers 42 of the contact 

20 plugs 33 and also respectively with the entire peripheries of the side surfaces of top 
portions of the conductive films 16. Subsequently, interconnections 26 and bit line 76 
are formed on the insulating film 31 to obtain the semiconductor device shown in Fig. 64. 

As shown above, according to the semiconductor device manufacturing method 
of the sixth preferred embodiment, even when oxidation-preventing conductive barrier 

25 layers 42 are formed in the top ends of the contact plugs 33 in the logic region, the 
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upper-layer contact plugs 25 are in contact not only respectively with the conductive 
barrier layers 42 of the lower-layer contact plugs 33 but also respectively with the entire 
peripheries of the side surfaces of top portions of the conductive films 16 having higher 
conductivity. Therefore the contact resistance between the upper-layer contact plugs 25 
5 in the logic region and the source/drain regions 9 in the semiconductor substrate 1 is 
lower than in the semiconductor device manufacturing method of the fifth preferred 
embodiment. 

In the sixth preferred embodiment, as in the fifth preferred embodiment, the 
upper-layer contact plug 75 in the memory region is in contact only with the conductive 
10 barrier layer 82 of contact plug 83a, but not in contact with the conductive film 66. 
However, as shown in the semiconductor device of Fig. 68, the contact plug 75 may be 
extended into the insulating film 14 so that it comes in contact with the entire periphery 
of the side surface of a top portion of the conductive film 66 of the lower-layer contact 
plug 83 a. 

15 Then, even when the contact plug 83a in the memory region has 

oxidation-preventing conductive barrier layer 82, forming the upper-layer contact plug 75 
in the memory region in contact with the entire periphery of a side surface of the 
conductive film 66 in the lower-layer contact plug 83a further lowers the contact 
resistance between the upper-layer contact plug 75 or bit line 76 and the source/drain 

20 regions 59 in the semiconductor substrate 1. 

A method for manufacturing the semiconductor device shown in Fig. 68 is now 
described referring to Figs. 69 and 70. 

First, the structure shown in Fig. 39 is obtained according to the process of the 
third preferred embodiment. Then, as shown in Fig. 69, a resist 38 is formed on the 

25 insulating film 31. Then opening patterns 39a and 39b are formed through the resist 38 
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in correspondence with the positions of the contact plugs 33 and 83a. In this process, 
like the opening patterns 39a above the contact plugs 33, the diameter of the opening 
pattern 39b above the contact plug 83a, too, is set larger than the diameter of the contact 
plug 83a, without intentional misalignment with the contact plug 83a. Therefore, the 
5 opening pattern 39b is positioned not only right above the contact plug 83a but also right 
above part of the insulating film 14 around the contact plug 83 a. 

Next, as shown in Fig. 70, using as a mask the resist 38 having opening patterns 
39a and 39b, the interlayer insulating films 18 and 23 are partially etched and removed 
away using the stopper film 1 7 as an etching stopper. 

10 Then, using the resist 38 as a mask again, the exposed parts of the stopper film 

17 are etched away by anisotropic dry-etching using CHF 3 as the etching gas, so as to 
form contact holes 24 and 74 through the insulating film 31. During this process, the 
stopper film 17 is over-etched for a given amount so that the contact holes 24 and 74 
extend into the insulating film 14 to expose the entire peripheries of the side surfaces of 

15 top portions of the conductive films 16 of the contact plugs 33 and also to expose the 
entire periphery of the side surface of the top portion of the conductive film 66 of the 
contact plug 83 a. 

As shown above, since the diameter of the opening pattern 39b is larger than 
the diameter of the contact plug 83a, the opening pattern 39b is located not only right 
20 above the contact plug 83a but also right above part of the insulating film 14 around it. 
Therefore, over-etching the stopper film 17 for a given amount exposes not only the 
conductive barrier layer 82 of the contact plug 83a but also the entire periphery of the side 
surface of the top portion of the conductive film 66. 

Next, contact plugs 25 are formed to fill the contact holes 24 and a contact plug 
25 75 is formed to fill the contact hole 74. Thus, like the contact plugs 25, the contact plug 
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75 is formed not only through the insulating film 31 but also into the insulating film 14; it 
thus comes in contact with the conductive barrier layer 82 of the contact plug 83a and 
also with the entire periphery of the side surface of the top portion of the conductive film 
66. Subsequently interconnections 26 and bit line 76 are formed on the insulating film 
5 3 1 to obtain the semiconductor device shown in Fig. 68. 

As shown above, even when oxidation-preventing conductive barrier layer 82 is 
formed in the top end of the contact plug 83a in the memory region, the upper-layer 
contact plug 75 is in contact not only with the conductive barrier layer 82 of the 
lower-layer contact plug 83a but also with the entire periphery of the side surface of the 

10 top portion of the conductive film 66 having higher conductivity. Therefore the contact 
resistance between the upper-layer contact plug 75 in the memory region and the 
source/drain regions 59 in the semiconductor substrate 1 is further lowered. 

While the sixth preferred embodiment has shown semiconductor devices 
having concave-type MIM capacitors as DRAM memory cell capacitors 73 and methods 

15 for manufacturing it, the present invention can be applied also to semiconductor devices 
and manufacturing methods in which MIM capacitors with other structures are used as 
capacitors 73. For example, the present invention can be applied also to semiconductor 
devices and manufacturing methods that use supported cylinder-type MIM capacitors as 
shown in Fig. 71, pillar-type MIM capacitors as shown in Fig. 72, and thick-film 

20 stacked-type MIM capacitors as shown in Fig. 73. 

When pillar-type MIM capacitors or thick-film stacked-type MIM capacitors 
are adopted, the aspect ratios of the contact plugs 25, 75 can be smaller. Therefore, as 
shown in Figs. 74 and 75, the contact plugs 25 and interconnections 26, or the contact 
plug 75 and bit line 76 may be integrally formed using dual damascene process. 

25 When thick-film stacked-type MIM capacitors are adopted, the interlayer 
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insulating film 18 in the insulating film 31 is removed during the manufacturing process. 
Therefore Figs. 73 and 75 do not show it. 

While the invention has been described in detail, the foregoing description is in 
all aspects illustrative and not restrictive. It is understood that numerous other 
modifications and variations can be devised without departing from the scope of the 
invention. 



